Isolates of Nectria haematococca mating population (MP) VI were found previously to possess an inducible tolerance to pisatin, a pea phytoalexin, regardless of their ability to detoxify this compound. Nondegradative tolerance to pisatin was further characterized by studying MP VI isolate 126-80, a strain that does not degrade pisatin. Tolerance was maximally induced in growth medium at 28 "C by a 3 h treatment with 0.1 mmpisatin. Shorter time intervals or lower pisatin concentrations reduced the degree of induction. Adaptation to pisatin was inhibited if mycelium was temporarily suspended in buffer during the induction period. Enhanced tolerance in growth medium was lost completely within 4 h at 28 "C after pisatin was removed from the medium. However, incubation at 1 "C prevented both the induction and the loss of enhanced pisatin tolerance, These results suggest that the induction of tolerance requires an active metabolic response, and that the expression of tolerance is tightly controlled. Of six isoflavonoid derivatives tested that were structurally related to pisatin, only four were good inducers of pisatin tolerance. Cyanide and the polyene antibiotic amphotericin B also induced some pisatin tolerance. However, tolerance was not a general stress response, because three other antimicrobial compounds failed to induce tolerance. Besides inducing tolerance to itself, pisatin simultaneously induced nondegradative tolerance to the structurally related isoflavonoid phytoalexins medicarpin and phaseollin. A partial tolerance was also induced to the isoflavone biochanin A. Of the non-isoflavonoid toxicants tested, only amphotericin B was tolerated as a result of pisatin pretreatment. Tolerance to amphotericin B was expressed both as the ability to grow and as the decreased leakage of cellular constituents after treatment with normally inhibitory concentrations of amphotericin B. We suggest that the plasma membrane is modified during the induced adaptation to pisatin, and that such modifications could be involved in nondegradative tolerance to phytoalexins.
Isolates of Nectria haematococca mating population (MP) VI were found previously to possess an inducible tolerance to pisatin, a pea phytoalexin, regardless of their ability to detoxify this compound. Nondegradative tolerance to pisatin was further characterized by studying MP VI isolate 126-80, a strain that does not degrade pisatin. Tolerance was maximally induced in growth medium at 28 "C by a 3 h treatment with 0.1 mmpisatin. Shorter time intervals or lower pisatin concentrations reduced the degree of induction. Adaptation to pisatin was inhibited if mycelium was temporarily suspended in buffer during the induction period. Enhanced tolerance in growth medium was lost completely within 4 h at 28 "C after pisatin was removed from the medium. However, incubation at 1 "C prevented both the induction and the loss of enhanced pisatin tolerance, These results suggest that the induction of tolerance requires an active metabolic response, and that the expression of tolerance is tightly controlled. Of six isoflavonoid derivatives tested that were structurally related to pisatin, only four were good inducers of pisatin tolerance. Cyanide and the polyene antibiotic amphotericin B also induced some pisatin tolerance. However, tolerance was not a general stress response, because three other antimicrobial compounds failed to induce tolerance. Besides inducing tolerance to itself, pisatin simultaneously induced nondegradative tolerance to the structurally related isoflavonoid phytoalexins medicarpin and phaseollin. A partial tolerance was also induced to the isoflavone biochanin A. Of the non-isoflavonoid toxicants tested, only amphotericin B was tolerated as a result of pisatin pretreatment. Tolerance to amphotericin B was expressed both as the ability to grow and as the decreased leakage of cellular constituents after treatment with normally inhibitory concentrations of amphotericin B. We suggest that the plasma membrane is modified during the induced adaptation to pisatin, and that such modifications could be involved in nondegradative tolerance to phytoalexins.
I N T R O D U C T I O N
A number of resistance mechanisms have been proposed to explain how bacteria and fungi tolerate antibiotics or other toxic compounds (Franklin & Snow, 1971 ; Georgopoulos, 1977) . Three mechanisms are observed most frequently: enzymic degradation of a compound to less toxic metabolites; modification of the sensitive site; and interference with transport of the toxicant (Davies & Smith, 1978) . Among these tolerance mechanisms the only one that is commonly known to be inducible is production of detoxifying enzymes. However, there are examples where tolerance induced in response to antimicrobial compounds does not involve detoxification (De Waard & Van Nistelrooy, 1981 ; Franklin, 1973; Gilleland & Farley, 1982; McMurry et al., 1980; Shales et al., 1980; Warth, 1977) . Adaptive tolerance is often called 'phenotypic tolerance' or 'physiological adaptation', because the tolerant state is not inherited. Abbreviations: CCCP, carbonyl cyanide rn-chlorophenylhydrazone ; GA medium, glucose-asparagine medium ; 6-M 1 T,6-methoxy-I -tetralone.
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Many plant pathogenic fungi are tolerant of the antimicrobial compounds called phytoalexins that are produced by their host plants in response to stress (Cruickshank, 1962; Cruickshank & Perrin, 1971; Perrin et al., 1974) . Recent results now suggest that, at least for the ascomycete Nectria haematococca Berk. and Br. mating population (MP) VI, phytoalexin tolerance may be one factor necessary for virulence (Tegtmeier & VanEtten, 1982) . Phytoalexin tolerance has most often been attributed to detoxification (Harborne & Ingham, 1978; . Most N . haematococca MP VI isolates efficiently degrade pisatin, the major pterocarpan phytoalexin from pea, after induction of a cytochrome P-450 monooxygenase (Matthews & VanEtten, 1983 ; VanEtten et al., 1980) . However, there is evidence that N . haematococca MP VI isolates also express an inducible, nondegradative mechanism of phytoalexin tolerance regardless of their ability to degrade phytoalexins (Denny & VanEtten, 1981; Denny & VanEtten, 1983 ; VanEtten & Stein, 1978) . One role of nondegradative phytoalexin tolerance may be to allow this pathogen a better opportunity to produce its phytoalexin detoxifying enzyme(s) (Denny & VanEtten, 198 1) .
The objective of the present study was to characterize further the nondegradative tolerance to pisatin expressed by one isolate of N . haematococca MP VI that does not degrade pisatin.
METHODS
Organisms. Nectria haematococca MP VI isolates 126-71, 126-80 and T-175 were maintained on V-8 juice agar slants as described previously (Denny & VanEtten 1981) .
Fungalgrowth bioassay. Details of the growth assay and the relationship between dry weight and absorbance are given in the preceding paper (Denny & VanEtten, 1983) . Macroconidia were germinated in glucose-asparagine (GA ; containing 3 % (w/v) glucose) liquid medium, grown overnight to produce a homogeneous mycelial suspension, and aliquots were distributed to side arm flasks. Mycelial growth was monitored by measuring turbidity of the cultures at 620 nm. Except where noted, incubation temperature was 28 1 "C. During some experiments mycelium was harvested by filtration over glass fibre filters (GF/A ; Whatman). A homogeneous culture was recovered upon resuspension in either G A medium or 50 mM-pOtaSSium phosphate buffer (pH 6.0). A11 manipulations were performed aseptically. Except when noted, results are from a typical experiment, representative of three experiments.
Water-insoluble compounds were dissolved in DMSO before being added to cultures. DMSO was added to each culture at a final concentration of 2% (v/v). Controls received 2% DMSO. Pisatin was not degraded by isolates 126-80 or T-175, and was routinely recovered, purified and re-used.
Chemicals. The following isoflavonoids were prepared as described previously, or were generous gifts: (+)-pisatin (6a-hydroxy-3-methoxy-8,9-methylenedioxy pterocarpan) (VanEtten et al., 1975) ; ( -)-medicarpin (3-hydroxy-9-methoxy pterocarpan) (Denny & VanEtten, 198 1) ; ( -)-phaseollin (a 3-hydroxy pterocarpan containing a 9,lO-fused dimethyl pyran ring) (Kistler & VanEtten, 198 1) ; coumestrol(3,9-dihydroxy coumestan) (E. M. Bickoff, USDA-ARS Western Regional Laboratory, Berkeley, Cal., U.S.A.); (-)-sativan (7-hydroxy-2',4'-dimethoxy isoflavan) (Steiner, 1976) ; sophorol (7,2'-dihydroxy4',5'-methylenedioxy isoflavanone) (Denny & VanEtten, 1982) ; biochanin A (5,7-dihydroxy-4'-methoxy isoflavone) (gift from U. Willeke, Lehrstuhl fur Biochemie der Pflanzen, Munster, West Germany). Other chemicals were obtained from the following sources: 
RESULTS
Induction of tolerance in N. haematococca M P VI isolate All of the experiments with N . haematococca MP VI isolates were variations on a standard protocol that was developed to maximlze induction of nondegradative tolerance in isolate 126-80 (Fig. 1) . Treatment with 0.1 mM-pisatin produced a slight depression in growth rate, indicating that the organism was slightly stressed. The addition of 0-6 mwpisatin to a DMSOpretreated culture greatly inhibited growth; growth resumed sooner and at a faster rate after Table 1 .
challenging a culture pretreated with 0-1 mwpisatin, even though the final pisatin concentration (0.7 mM) was higher. Without a pisatin pretreatment, growth was completely inhibited for at least 24 h by 0.7 mM-pisatin.
Effect of selected variables on the induction of pisatin tolerance in isolate 126-80 Environmental modifications that reduce cellular metabolism and growth were investigated for their effects on the induction of pisatin tolerance. In one set of experiments, isolate 126-80 was treated with 0-1 mM-piSatin or DMSO and immersed in an ice-bath on an orbital shaker (125 r.p.m.) for 3 h. Growth was completely inhibited during incubation at 1 "C but resumed almost immediately at a normal rate when the cultures were returned to 28 "C. Immediately after warming, the pisatin-pretreated culture was challenged by adding 0-6 mwpisatin (total = 0.7 mM), and the DMSO-pretreated culture was challenged with 0.7 mM-pisatin. Growth was inhibited completely in both cultures, indicating that the cold treatment prevented the induction of tolerance by pisatin. In another set of experiments, mycelium was harvested, washed free of GA medium and suspended in 50 mM-potassium phosphate buffer. Isolate 126-80 stopped growing about 30 min after suspension in the buffer. Cultures were treated with 0.1 mwpisatin either immediately after suspension or 1 h later. The mycelium was harvested after 4 h in buffer, washed free of pisatin, suspended in fresh GA medium and treated with 0-7 mM-piSatin or 2% DMSO. Cultures treated with DMSO quickly resumed growing at a normal rate. In four assays where pisatin pretreatment began immediately after suspension in buffer there was at best only partial induction of tolerance. In six assays where pisatin pretreatment began 1 h after suspension in buffer there was either very little or no induction of tolerance.
Modifying the inducer concentration illustrated that induction was concentration-dependent ( Fig. 2) . Unlike the experiment in Fig. 1 , the pisatin used to induce tolerance was removed before the cultures were challenged with 0-6 mwpisatin. The degree of nondegradative tolerance induced varied directly with the concentration of pisatin used in the pretreatment. Even though it did not detectably inhibit growth, 12.5 x M-pisatin still slightly enhanced pisatin tolerance. The degree of tolerance induced by 0.2 mM-piSatin (not shown) was about the same or slightly less than that found for 0.1 mM.
The time dependence of inducing pisatin tolerance is shown in Fig. 3 . The inducing (0.1 mM) and final (0.7 mM) concentrations of pisatin were the same in all cases, only the length of the pretreatment time varied. The effect of pretreating with pisatin for 20min could not be distinguished from a DMSO pretreatment. The optimal time needed to induce pisatin tolerance appeared to be 3 h. Induction times of 12 to 14 h did not induce any greater tolerance to 0.7 mMpisatin; if anything, tolerance was slightly less with such a long induction period (see Fig. 4 and compare Tables 1 and 2 ). Loss of induced tolerance in the absence of pisatin Tolerance was induced by adding 0-1 mM-piSatin to a suspension of macroconidia and growing the culture for approximately 14 h. After washing out the pisatin and suspending the mycelium in fresh GA medium, cultures were grown for 0, 2 or 4 h in the absence of pisatin before being challenged with 0.7 mwpisatin (Fig. 4) . Growth of the culture challenged at 0 h showed that tolerance was induced by the 14 h induction. However, tolerance was completely lost within 4 h when pisatin was absent.
Loss of induced tolerance could be prevented by cooling cultures to 1 "C. Experiments were performed with separate aliquots of the same induced mycelium as used above. However, instead of allowing the mycelium to grow at 28 "C after pisatin was removed, the cultures were placed in a shaking ice-bath (125 r.p.m.). After 4 h the cultures were quickly warmed back to 28 "C and challenged with either DMSO or 0.7 mM-pisatin. The DMSO-challenged culture grew normally, showing that no loss of viability occurred as a result of the cold treatment. In three experiments, growth in 0.7 mwpisatin lagged for about 1 h and then resumed at an average rate of 0.07 & 0.004 absorbance units h-l. Fully adapted mycelium immediately challenged with 0-7 mM-pisatin (Fig. 4) grew only slightly better -with about a 1 h lag and an average rate of 0.08 & 0.002 absorbance units h-l.
Specificity of inducing nondegradative pisatin tolerance
A variety of compounds were selected to determine whether induction was specific for pisatin, or whether any stressful treatment would induce an enhanced tolerance to pisatin. The compounds (except DMSO) were used at concentrations that produced a reduction in growth similar to that caused by 0.1 mwpisatin. Thus, every pretreatment slightly stressed the organism, but did not cause a large reduction in its growth rate. At the end of the pretreatment, each culture received an additional 0-6 mmpisatin. The growth curves were analysed, and the rates of growth are reported in Table 1 . To understand the information presented in Table 1 better, compare the tabular data for the pisatin and amphotericin B (expt 1) pretreatments with the data in Figs 1 and 5(a) , respectively.
The compounds tested can be divided into three groups according to their ability to induce pisatin tolerance. Medicarpin, sativan, biochanin A and phaseollin were all good inducers of pisatin tolerance, and all are structurally similar to pisatin. Less efficient inducers of pisatin tolerance were coumestrol and sophorol, which are structurally related to pisatin, and cyanide and amphotericin B, which are structurally unlike pisatin. The pisatin tolerance induced by the latter four compounds was characterized by an increased period of complete inhibition and then either by a period of growth at an intermediate rate or by a reduced final growth rate (see also Fig, 5a ). Coumestrol and sophorol were also classified as poor inducers because, when they were tested at lower concentrations than those reported in Table 1 , there was no indication of enhanced tolerance, unlike when pisatin was the inducer (Fig. 2) . Because growth after pretreatment with antimycin A, cycloheximide or 6-MlT was less than after DMSO pretreatment, these compounds were classified as non-inducers of pisatin tolerance. 6-M 1 T was tested because it is an inducer of the pisatin detoxifying enzyme (Matthews & VanEtten, 1983) and is structurally related to one part of the pisatin molecule..
Specijcity of the yisatin-induced tolerance
The inhibitors selected for this experiment all had the potential to inhibit growth of isolate 126-80 completely for at least 12 to 24 h. However, to test the specificity of the pisatin-induced tolerance, some of these compounds were used at concentrations that only temporarily inhibited growth of cultures not pretreated with pisatin. Therefore, when pisatin pretreatment failed to enhance growth, it was not because growth was overwhelmed by the challenge treatment.
For this experiment, tolerance in isolate 126-80 was induced with pisatin for 12 to 14 h, and then cultures were challenged with pisatin or various other inhibitors. The results are given in Table 2 . The tolerance induced to phaseollin and medicarpin, both structurally similar to pisatin, was excellent. Isolate 126-80 does not degrade phaseollin (Denny & VanEtten, 1982;  and this study), so growth was the result of a nondegradative tolerance. Nectriu haematococca To determine the rate of growth, results were first plotted and the times at which major changes in growth occurred were determined visually. Straight lines were fitted to the data between such break points by the least-squares method. Rates, in absorbance units h-l, were averaged ( ~s . E . M . ) for the indicated number of experiments, or reported for individual experiments. The values in parentheses are the times (h) that growth continued at the indicated rate. Absorbance measurements were taken at discrete hourly intervals; therefore, time values reported as fractions of hours are values obtained by averaging the results of more than one experiment. The controls that received a DMSO challenge grew at an average rate of 0.142 f 0.003 absorbance units h-' during six experiments. Expt 1 Expt 2 2 Expt 1 Expt 2 * Cultures were treated for 3 h at 28 "C with the compounds at the indicated molarity. Then, 0.6 mwpisatin was t The initial rate is for the growth that occurred after adding the 0.6 mwpisatin challenge.
$ Where no intermediate value is given, growth changed from the initial rate to the final rate in less than 1 h.
6
The number of hours at the final rate was arbitrarily limited by the maximum absorbance permissible in the I I In one of the eight assays there was no growth during the 20 h of the assay, and this datum was not averaged added and the resulting growth determined. assay (about 1.2 absorbance units) or by a 20 h time limit and thus is not reported.
with the other rate data.
MP VI isolate 126-80 degrades medicarpin (Denny & VanEtten, 1982) , but MP VI isolate T-175 was found not to degrade either pisatin or medicarpin under the standard assay conditions. Pretreatment of T-175 with pisatin induced tolerance to pisatin and medicarpin that was comparable to the tolerance induced in isolate 126-80 (results not shown). Therefore, despite the degradation of medicarpin by 126-80, tolerance to medicarpin could be the result of the same nondegradative mechanisms expressed by T-175. Although biochanin A is structurally similar to pisatin, and induced pisatin tolerance (Table I) , pisatin induced only a moderate level of biochanin A tolerance. Isolate 126-80 quickly degraded biochanin A at the concentrations used.
Surprisingly, pisatin induced tolerance to the polyene antibiotic amphotericin B, which is not structurally related to pisatin. Details of the growth response to amphotericin B are given in Fig.  5(b) to illustrate the tabular data. Pisatin pretreatment allowed isolate 126-80 to grow even at 9-48 pM-amphotericin B, which was twice the antibiotic concentration normally required to eliminate growth. Amphotericin B interacts with membrane sterols and disrupts normal Table 2 were taken from this graph.
membrane functions (Hamilton-Miller, 1974 ; Holz, 1979) . After discovering the induced tolerance to amphotericin B, a number of additional substances (gramicidin, valinomycin, nigericin and saponins) that have membrane sites of action were screened, but none was sufficiently inhibitory to N . haematococca MP VI to be used in this experiment. There was no enhanced tolerance to any of the other compounds tested (Table 2 ). In fact, the combinations of the challenge compounds and the pisatin pretreatment were more inhibitory than the challenges alone, especially in the case of SKF 525-A.
Measuring the metabolic degradation of amphotericin B is difficult because this antibiotic binds strongly to membranes and has a tendency to decompose spontaneously. However, preliminary experiments in which the antibiotic concentration was determined directly in suspensions of mycelium by UV spectrometry indicated that very little amphotericin B was lost during the first 2 h of incubation. To determine antibioiic tolerance accurately within this time interval required a technique more sensitive than the turbidity assay. Because polyene antibiotics cause almost immediate leakage of cell contents (Hamilton-Miller, 1974; Holz, 1979) , the appearance of intracellular material in the culture medium provided a rapid method of determining tolerance to amphotericin B. The protocol for labelling cells with [ 14C]glucose and measuring the release of 1 4 C -~~m p~~n d~ was similar to that of Higgins (1978) . Pisatininduced and noninduced mycelium differentially released C-labelled compounds after treatment with amphotericin B (Fig. 6 ). When treated with 3.79 pM-amphotericin B, mycelium previously induced to tolerate pisatin released a substantially lower percentage of its 4C-labelled constituents than did non-induced mycelium. Differential leakage was observed within the first 10 min after treatment. Therefore, tolerance to amphotericin B was most likely not due to degradation of the antibiotic. Nectria haematocucca MP VI isolate 126-71, which does degrade pisatin (Denny & VanEtten, 1983) , was also induced by pisatin to tolerate amphotericin B. Tolerance in isolate 126-71 was expressed both as the ability to grow at normally inhibitory concentrations of 3-79 or 7.58 pM-amphotericin B and as the ability to resist releasing I4C-labelled constituents.
DISCUSSION
Induction of nondegradative pisatin tolerance in N . haematococca MP VI isolate 126-80 was dependent on the culture conditions. The effects that variations in several cultural parameters had on adaptation allowed three conclusions to be made about the nature of the induction process. First, since adaptation was reduced or prevented by starvation or cold treatment, The rates of growth (in absorbance units h-l) were determined for the initial, intermediate and final growth phases as described in Table 1 . The values in parentheses are the times (h) that growth continued at the indicated rate. induction of pisatin tolerance must require an active metabolic response and is not the result of some spontaneous modification. However, growth per se is not required, because isolate 126-80 adapted even when growth was completely inhibited by 0.4 to 0.6 mwpisatin. Presumably, intermediate pisatin concentrations do not block the metabolism needed for induction, although concentrations of pisatin greater than 0.7 mM apparently do.
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The second conclusion is that adaptation is not an all-or-nothing response, since the degree of tolerance that developed depended on the concentration of pisatin used as inducer. The ability to adapt only as much as needed implies a well regulated control mechanism. At the higher concentrations of pisatin, induction appeared to be balanced between the inducing ability of pisatin and its toxicity. Further evidence of the tight control over nondegradative tolerance is that the tolerant state was lost during growth after the inducer was removed. This instability could be due to rapid turnover of the cellular constituents required for tolerance, or could be the result of new hyphal tips developing after pathways necessary for tolerance are repressed.
The third conclusion is that tolerance does not necessarily develop in response to generalized stress. Adaptation to pisatin was not induced by starvation or cold treatment. Moreover, three toxic compounds that perturbed growth also failed to induce tolerance. Induction of pisatin tolerance by the isoflavonoids structurally related to pisatin may arise because all these compounds interact with the same cellular site to trigger adaptation. The poor induction of pisatin tolerance by coumestrol and sophorol could then be explained by their failure to fit the (hypothetical) pisatin receptor. Cyanide and amphotericin B might induce tolerance as an unrelated stress response or by interacting in an unusual way with the pisatin receptor.
The induction of nondegradative tolerance in isolate 126-80 is similar to the substrate control of catabolic enzymes (Stanier et al., 1970) . To demonstrate the parallels between these two phenomena the induction of nondegradative tolerance can be compared to the induction of the enzyme activity in N . haematococca that catalyses the first step in pisatin degradation (VanEtten & Barz, 198 1) . In both cases induction is concentration-dependent, time-dependent, unstable in the absence of inducer and relatively specific for substrate. Similar effects were observed for the adaptation of spores of Colletotrichum lindemuthianum, to the phytoalexin phaseollin, but it was not determined whether adaptation in this fungus was the result of detoxification or a nondegradative mechanism (Skipp & Carter, 1978) .
Because the induction of nondegradative tolerance in N . haematococca is so similar to the induction of catabolic enzymes it may be that protein synthesis is involved. However, we were
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unable to use the turbidimetric assay to investigate whether protein synthesis is needed during induction because a 3 h cycloheximide treatment inhibited growth even after the cycloheximide was removed (unpublished observation). Consequently, any effect that the cycloheximide treatment might have had on induction would go undetected.
The tolerance induced by pisatin, even though not restricted to pisatin, was still quite specific. The two compounds most structurally similar to pisatin, the pterocarpan phytoalexins phaseollin and medicarpin, were tolerated the best. Although the mode of action of these phytoalexins is uncertain (Smith, 1982) , because of their related structures they may all inhibit fungal growth in a similar way. It is not surprising, therefore, that there is cross-tolerance (Georgopoulos, 1977) . Induced cross-protection to isoflavonoids is not unusual in fungi (Denny & VanEtten, 1981 ; Skipp & Carter, 1978; VanEtten & Stein, 1978) , but in most cases it has not been determined whether tolerance can be attributed to nondegradative mechanisms. Besides the tolerance to pisatin, an inducible, nondegradative tolerance to phaseollin and medicarpin was observed in N . haematococca MP VI, reinforcing an earlier suggestion that there is a generalized pterocarpan phytoalexin tolerance in this organism (Denny & VanEtten, 198 1) .
Amphotericin B was the only other toxic compound tested that was tolerated as a result of inducing pisatin tolerance. Amphotericin B primarily interacts with membrane sterols to form aqueous pores that destroy differential permeability, but undefined secondary interactions with the membrane are probably also involved in toxicity (Hamilton-Miller, 1974; Holz, 1979) . Tolerance to amphotericin B in other fungi has been attributed to two mechanisms : (i) enzymic detoxification or (ii) modification of the sensitive site by changes in the quantity, structure or orientation of the sterols (Hamilton-Miller, 1974; Holz, 1979) . Recently, Notario et al. (1982) proposed that unidentified cell wall modifications occurring over 7 to 8 d after Candida albicans enters stationary phase may be another mechanism of tolerance.
The reason that pisatin induces tolerance to amphotericin B in N . haematococca is unknown but does not appear to involve induction of amphotericin detoxification. Based on the membrane specificity of the polyene antibiotics and the decreased leakage of cellular constituents from amphotericin-treated tolerant mycelium, it is very likely that induction of nondegradative pterocarpan tolerance occurs simultaneously with (unknown) changes in membrane composition or morphology. Furthermore, since membrane dysfunction is likely to be an important aspect of the mode of action of pterocarpan phytoalexins (Smith, 1982) , these membrane modifications may be involved in nondegradative tolerance to the phytoalexins. It would be premature to conclude, though, that tolerance of pterocarpans and amphotericin B is due to the same membrane alteration.
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